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APPARATUS FOR MEASURING A BLOOD 
PARAMETER 

BACKGROUND OF THE INVENTION 

It is sometimes necessary or desirable to measure 
various parameters of blood, such as hematocrit, oxy 
gen saturation, carboxyhemoglobin, pH, etc. These 
blood parameters can all be measured using optical 
techniques. 
For example, to measure oxygen saturation of whole 

blood, red light at, for example, 660 nanometers (nm) 
and infrared light at, for example, 805 nm are directed at 
the blood. The re?ectance at both wavelengths is mea 
sured and appropriately ratioed to provide a measure 
ment of oxygen saturation. 
The hematocrit in whole blood may be measured, for 

example, by directing infrared light at the blood and 
detecting the re?ectance of the infrared light at two 
spaced detectors. The hematocrit can then be deter 
mined by using a ratio of the two detected light levels or 
the difference between the two detected light levels. 
Another way to measure hematocrit is to employ a pair 
of spaced light sources and a single detector. 

All of the techniques described above rely upon mea 
suring of different detected light levels. Unfortunately, 
when the absorbance of the light directed at the blood is 
substantial, very low light levels are available for detec 
tion, and this results in a poor signal-to-noise ratio. In 
addition, when a constant level of light intensity is di 
rected at the whole blood, the detected light level rises 
to a maximum near the middle of the physiologic range 
of hematocrit and then falls off this peak with increasing 
hematocrit levels. This curve creates an indeterminate 
condition in that it is not possible to determine which 
side of the peak is being observed so that an accurate 
hematocrit measurement is not obtainable. 
Heinemann US. Pat. No. 4,447,150 discloses a tech 

nique f or measurement of blood oxygen saturation 
which compensates for variations of hematocrit levels 
by assuring uniform depth of penetration of light into 
the blood being sampled. In this system, red and infra 
red light sources direct light toward a blood sample, 
and a single detector detects the light which is re?ected 
or transmitted. Optical feedback from the detector is 
used to control the light emitted by one of the sources 
so that the light detected by the detector from such 
source is constant. The intensity of the light emitted 
from the second source is determined by a ratio be 
tween the current needed to drive the ?rst source and 
the current needed to drive the second source. This 
latter technique does not establish the intensity of the 
second light source as accurately as may be desired. 
Also, this technique either suffers from inaccuracy re 
sulting from inherent differences and drift between the 
light sources or it requires a matched set, which is more 
expensive to provide. 

SUMMARY OF THE INVENTION 

This invention provides a method and apparatus for 
measuring a blood parameter which generally over 
comes the disadvantages noted above. According to 
this invention, optical feedback is used from a signal 
detector to each of the light sources being employed so 
that each of these sources can be more accurately con 

. trolled than in the prior art. In addition, this invention 
compensates for errors in the intensity of the light emit 
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2 
ted by the light sources so as to provide improved accu 
racy without the need for matched sources. 
One example of this invention is an apparatus for 

measuring hematocrit of whole blood. This apparatus 
includes a light source for emitting light toward ‘a blood 
receiving location, a signal detector for receiving light 
from the light source after the emitted light interacts 
with the blood at the blood-receiving location, and a 
feedback loop. The feedback loop is responsive to the 
intensity of the light received by the signal-detector to 
provide a feedback signal for adjusting the intensity of 
the light source so that the intensity of the light re 
ceived by the signal detector is substantially constant 
over a range of values of the blood parameter. Means 
responsive to the feedback signal provides an output 
signal which provides an indication of the hematocrit. 
The feedback loop provides for accurate control of the 
light source. 
Although a single light source emitting in the infrared 

range is suitable if the apparatus is only to detect hemat 
ocrit, to adapt the apparatus to measure other blood 
parameters, one or more additional light sources which 
emit light having appropriate wavelength characteris 
tics, may also be employed. For example, to measure 
oxygen saturation, ?rst and second light sources which 
emit light having ?rst and second wavelength charac 
teristics, respectively, are employed. A wavelength 
characteristic has reference to the wavelength or wave 
lengths which are suitable for measurement of the blood 
parameter of interest. For both hematocrit and oxygen 
saturation measurements, a narrow band is suitable. For 
example, one of these sources may emit red light of 660 
nm and another of the sources may emit infrared light at 
812 nm. Both of these light sources can be used for 
oxygen saturation measurements, and only the infrared 
source is required for hematocrit measurements. 
Although multiple signal detectors can be employed, 

if desired, only a single detector is necessary, and a 
single detector is preferred for ratioing purposes. The 
signal detector receives light from the ?rst and second 
light sources after interaction of the light with the blood 
at the blood-receiving location. This interaction may 
include transmission, re?ection, diffusion, absorbance 
and/ or back scattering of the light in the blood. Prefera 
bly, the signal detector receives substantially only light 
that has been re?ected or back scattered, and optimally, 
only back-scattered light is received by the detector. 
The intensity of the ?rst light source is adjusted so 

that the intensity of the light at the signal detector from 
the ?rst light source remains substantially constant over 
a range of values of the blood parameter. Similarly, the 
intensity of the light emitted by the second light source 
is adjusted so that the intensity of light at the signal 
detector from the second light source is also substan 
tially constant over a range of values of the blood pa 
rameter. Thus, both the ?rst and second light sources 
are controlled directly by the light intensity at the signal 
detector, and this provides greater control over the 
light sources and improved accuracy. 
The apparatus also provides a signal which is related 

to the intensity of at least one of the ?rst and second 
light sources and which provides an indication of the 
blood parameter of interest. For example, for hemato 
crit the signal may be a function of only one of the light 
intensities and not the other intensity. On the other 
hand, for oxygen saturation, the signal may be a func 
tion of the ratio of both of the light intensities. 
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The percent of oxygen saturation varies with hemato 
crit. To compensate for this effect which hematocrit has 
on oxygen saturation, the signal is preferably corrected 
for hematocrit so that the true oxygen saturation read 
ing can be obtained. 
The light intensity adjustments to maintain the de 

sired emitted light levels from the ?rst and second light 
sources can be accomplished in different ways. For 
example, this could be accomplished by appropriate 
attenuation of light intensity from strong light sources. 
However, preferably, this adjustment is accomplished 
by variably energizing the light sources. With this ar 
rangement, the hematocrit or other blood parameter 
signal is related to the driving signal or current signal 
applied to the light source to generate the light intensity 
of the source. 
The signal detector may provide a detector signal 

related to the intensity of the light received at the detec 
tor. The intensity adjustment may include a feedback 
loop responsive to the detector signal for providing a 
feedback signal to adjust the intensity of the light 
sources. 

.Ideally, the emitted light intensity varies or tracks 
with the feedback signal in accordance with a predeter 
mined relationship. Preferably, this is a linear relation 
ship. However, variables, such as nonlinearity of the 
light source with current input and temperature and 
aging of the light source make the emitted light inten 
sity subject to deviating from, or not accurately track 
ing with, the predetermined relationship. Thus, there 
may be a difference between the light intensity com 
manded by the feedback signal and the light intensity 
actually emitted by the light source. 
Another feature of this invention is to make the emit 

ted light intensity more in accordance with the prede 
termined relationship, i.e., track more accurately with 
the feedback signal. This can be accomplished, for ex 
ample, by producing a reference signal which is related, 
preferably linearly, to the light intensity actually emit 
ted by the light source. The reference signal and the 
feedback signal are then used to control the light source 
to provide an emitted light intensity which is more in 
accordance with the predetermined relationship. Be 
cause this invention restores the relationship between 
the feedback signal and emitted light intensity, the feed 
back signal becomes an accurate variable to use as an 
output signal to provide an indication of the blood pa 
rameter of interest. 
Although various techniques can be used for making 

the emitted light intensity more in accordance with the 
predetermined relationship, preferably the apparatus 
includes a reference detector for receiving at least some 
of the light emitted by the light source and circuit 
means responsive to the intensity of the light received 
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by the reference detector for adjusting the intensity of 55 
the light emitted by the light source, i.e., to compensate 
the light source. The reference detector provides a 
reference detector signal which is related to the inten 
sity of the light it receives. The circuit means receives 
the feedback signal and the reference detector signal 
and provides a driving signal to drive the light source to 
make the emitted light intensity more in accordance 
with the predetermined relationship. If the reference 
detector is a silicon diode, the relationship is linear. 
The invention, together with additional features and 

advantages thereof, may best be understood by refer 
ence to the following description taken in connection 
with the accompanying illustrative drawings. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic view illustrating one preferred 
form of the invention. 
FIG. 2 is a more detailed schematic of the preferred 

form of the invention. 
FIG. 3 is a diagram showing system clock pulses and 

pulses generated in response to the clock pulses. 
FIGS. 4a-4d show examples of signals occurring at 

various points in the circuit of FIG. 2. 
FIG. 5 shows one example of integrator output. 
FIG. 6 is an exemplary plot of hematocrit versus the 

feedback signal from the infrared light source. 
FIG. 7 is a family of plots showing how hematocrit 

affects the percent oxygen saturation. ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows an apparatus 11 which comprises an 
in-line ?ow-through housing 13 having a passage 15 
extending therethrough and de?ning a blood-receiving 
location. The housing 13 is adapted to be coupled into a 
circuit, such as an extracorporeal circuit (not shown) of 
the type used in open-heart surgery. The apparatus 11 is 
adapted to measure hematocrit and oxygen saturation of 
whole blood in real time. Of course, the apparatus 11 
can also be used to measure these blood parameters in a 
stationary blood sample. 
The housing 13 includes a transparent window 17. An 

opaque cover 19 is suitably mounted, such as on the 
housing 13, contiguous the window 17. The cover 19 
has a sending aperture 21 and a receiving aperture 23 
spaced from the sending aperture. Except for an optical 
path through the window 17 and the passage 15, the 
apertures 21 and 23 are suitably optically isolated from 
each other as by an optical wall 25. 
The apparatus 11 also includes a red light source 27 

and an infrared light source 29 arranged to form point 
light sources on the axis of the sending aperture 21. The 
light sources 27 and 29, which may be light-emitting 
diodes, are arranged to be as close together as physi 
cally possible and are preferably pulsed using a short 
duty cycle to minimize self-heating of the LED. 
The apparatus 11 also includes a light detector or 

signal detector 31 positioned on the axis of the receiving 
aperture 23 and adapted to provide a detected signal, 
such as a current signal, which is proportional to the 
intensity of the light detected by the detector. With this 
arrangement, the only light path from the sources 27 
and 29 to the detector 31 is through the blood in the 
passage 15. The apertures 21 and 23 are preferably 
spaced so that substantially only back-scattered light, 
which has been back scattered by the blood in the pas 
sage 15, will reach the detector 31 from the sources 27 
and 29. This spacing can be adjusted by those skilled in 
the art and may be, for example, from about 2.5 to about 
3.5 mm between the axes of the apertures 21 and 23. 
Similarly, the spacing between the sources 27 and 29 
and the aperture 21 can be varied depending upon the 
desired angle of emission of the emitted light from the 
sources. Preferably, the detector 31 and the light 
sources 27 and 29 are spaced equally from the associ 
ated apertures 21 and 23. 

It is desirable to adjust the intensity of the light emit 
ted by the light source 27 so that the intensity of the 
light at the detector 31 from the light source 27 remains 
substantially constant over a range of values of the 
blood parameters being measured. Similarly, the inten 
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sity of the light emitted by the light source 29 is also 
adjusted so that the intensity of the light at the detector 
31 from the light source 29 is substantially constant over 
a range of values of the blood parameters being mea 
sured. Preferably, although not necessarily, the con 
stant intensi?es of the sources are also known, predeter 
mined values. 
To control the intensity of the light sources 27 and 29, 

the detected signal from the light detector 31 is applied 
to a signal processing network 33 which provides a 
feedback signal which can be used to controllably drive 
the light sources 27 and 29. Although the feedback 
signal could be used directly to control the light 
sources, in this embodiment, the feedback signal is ap 
plied to a signal correction network 35. 

Various factors, such as inherent nonlinearity of the 
light sources 27 and 29 and temperature and aging, can 
cause the light sources 27 and 29 to emit a light intensity 
different from the light intensity commanded by the 
feedback signal from the network 33. To make the emit 
ted light intensity from the light sources 27 and 29 more 
in accordance with the correct or predetermined rela 
tionship between the feedback signal from the network 
33 and the emitted light intensity, a reference detector 
37 receives some of the light from the sources 27 and 29, 
such light being reflected from the cover 19. The refer 
ence detector 37 provides a reference detector signal to 
the signal correction network 35. The signal correction 
network 35 is responsive to the feedback signal and the 
reference detector signal to provide a driving signal to 
the light sources 27 and 29. 
By alternately pulsing the light sources 27 and 29, the 

signal processing described above can be repeated until 
balance or equilibrium is reached for each of the light 
sources, i.e., until the intensity of the light detected at 
the detector 31 is constant at a desired intensity for each 
of the light sources. The feedback signals from the sig 
nal processing network 33 form output signals which 
are processed in a in a signal processor 39 to determine 
the values of the blood parameters being measured, and 
these values are displayed by a display 41. 
When using the apparatus 11 with blood flowing 

through the passage 15, the process described above is 
run continuously to provide a real time display of the 
blood parameters being measured. In this embodiment, 
hematocrit is calculated as a function of the intensity of 
the infrared light source 29 after equilibrium has been 
reached. More speci?cally, the feedback signal from the 
signal processing network 33 resulting from operation 
of the infrared light source 29 after equilibrium has been 
reached is utilized by the signal processor 39 to calcu 
late hematocrit in that hematocrit is proportional to that 
feedback signal. 
More speci?cally, the feedback signal derived from 

the infrared light source 29 is linearly related to hemato 
exit. The slope and offset of the linear relationship 
shown, by way of example in FIG. 6, is established 
during calibration and stored in a calibration memory 
42 so that the curve of FIG. 6 can be established by the 
signal processor 39. With the curve of FIG. '6 estab 
lished, the feedback signal derived from the infrared 
light source 29 establishes a point on the curve which 
represents the hematocrit. In terms of the usual straight 
line equation, I-Ict=m(infrared feedback signal) + b 
where m is the slope of the curve shown in FIG. 6 and 
b is the offset from the X axis. 
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Oxygen saturation is determined by the signal proces- ' 
sor 39 as 1 minus the ratio of the light intensities of the 

6 
sources 27 and 29 at equilibrium. Speci?cally, the mea 
sured percent saturation equals 1 minus A/B where “A” 
is the intensity of the red light source 27 and “B” is the 
intensity of the infrared source 29. The feedback signals 
from the signal processing network 33 are used to repre 
sent the light intensities. 
For more accurate oxygen saturation results, the 

measured oxygen saturation should be corrected by a 
correction factor which is a function of the hematocrit. 
More speci?cally, the percent oxygen saturation as 
determined from the oxygen saturation formula set 
forth above is preferably corrected utilizing the family 
of curves shown in FIG. 7. Thus, by knowing the he 
matocrit, one curve of the family curves in FIG. 7 is 
selected so that the measured oxygen saturation can be 
corrected to yield a true oxygen saturation. FIG. 7 
shows by way of example, oxygen saturation correction 
curves for only three values of hematocrit, but of 
course, a separate curve can be provided for as many 
hematocrit values as desired. 
The curves of FIG. 7 can be established, for example, 

by empirical derivation during calibration. The correc 
tion factors represented by the family of curves can be 
stored in the calibration memory 42 and applied to the 
measured oxygen saturation by the signal processor 39 
to result in the display 41 displaying the true oxygen 
saturation. 
The signal processing network 33, the signal correc 

tion network 35 and the signal processor 39 can be 
implemented using a variety of analog and/or digital 
techniques. FIG. 2 shows one preferred way of imple 
menting this circuit. 
FIG. 2 can best be understood by ?rst considering 

FIG. 3 which shows clock pulses 43 of the system 
clock. Derived from the clock pulses 43 are red emis 
sion pulses 45, infrared emission pulses 47, red switch 
pulses 49 and infrared switch pulses 51. By way of ex 
ample, the pulses 45 have a duration of about 610 micro 
seconds and are spaced by an interval of about 19.5 
milliseconds. The infrared pulses 47 may have an identi 
cal duration and interval. As shown in FIG. 3, the 
pulses 45 and 47 occur alternately. 
The switching pulses 49 and 51 are used to control 

switches as described below. The red switching pulse 
49 occurs during the last half of each red emission pulse 
45, and similarly, each of the infrared switching pulses 
51 occurs during the last half of an associated infrared 
emission pulse 47. In this embodiment, intensity of the 
illumination of the sources 27 and 29 is controlled by 
changing the amplitude of the associated pulses 45 and 
47. The interval between pulses remains ?xed. 
The light sources 27 and 29 emit light pulses in re 

‘ sponse to each of the pulses 45 and 47, respectively. 
Each of the light pulses is coextensive in time with the 
duration of the associated energizing emission pulse. 
The detector 31 provides a detected signal during 

each of the light pulses. The detected signal is ampli?ed 
by an ampli?er 53 (FIG. 2), and this provides a detected 
signal 55 at the output of the ampli?er 53 as shown by 
way of example in FIG. 4a. The detected signal 55 has 
a dc level above a baseline 57 of zero volts which repre 
sents some of the ambient light seen by the detector 31 
and a varying ac component 59 which represents varia 
tions in ambient light as seen by the detector. Superim 
posed on the ac component are detected pulses 61 and 
63 which represent light from the light sources 27 and 
29, respectively, resulting from one each of the emission 
pulses 45 and 47. 
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The detected signal 55 is applied to a ?lter and syn 
chronous detector 65 which eliminates the dc compo 
nent and noise and detects the signal component of the 
signal 55 to provide the detected pulses 61 and 63 as 
shown in FIG. 4b. If desired, the ?lter 65 may include 
an ampli?er which ampli?es the detected pulses 61 and 
63 so that they may have an amplitude of, for example, 
about several volts. 
The detected pulses 61 and 63 are applied to one input 

of a comparator 67, which may be a voltage divider, 
and the other input of the comparator is coupled to a 
negative dc voltage reference. For each detected pulse 
61 or 63, the output of the comparator 67 is a pulse 
having an amplitude equal to the algebraic sum of the 
positive detected pulse 61 or 63 and the negative dc 
reference. Assuming that the circuit is not in equilib 
rium, then the output of the comparator 67 is modi?ed 
red pulses, 69 and modi?ed infrared pulses 71 (FIG. 4c) 
which correspond to the pulses 61 and 63, respectively. 
The ?rst half of each of the pulses 69 and 71 may be 
distorted as shown, by way of example, in FIG. 4c. Of 
course, with the circuit in equilibrium, there is a zero 
volt output from the comparator 67. 
The output of the comparator 67 is applied to a red 

selector switch 73 and an infrared selector switch 75. 
The switches 73 and 75, which may be ?eld effect tran 
sistors, are normally open. However, the switches 73 
and 75 are closed by an appropriate logic circuit during 
the red switch pulse 49 and the infrared switch pulse 51, 
respectively. 
The effect of closing the switches 73 and 75 in this 

manner is twofold. First, because the switches 73 and 75 
are closed only during the presence of associated modi 
?ed pulses 69 and 71, they serve as a selector to apply 
the modi?ed red pulse 69 to an integrator 77 and the 
modi?ed infrared pulse 71 to another integrator 79. 
Second, because the switches 73 and 75 are closed only 
during the last half of the associated modi?ed pulses 69 
and 71, they serve to eliminate the distortion appearing 
in the ?rst half of such pulse and provide shaped red 
pulses 76 and shaped infrared pulses 78,,respectively, 
(FIG. 4d). 
The number of integrators preferably equals the num 

ber of the light sources, and in this embodiment, two 
light sources 27 and 29 and two integrators 77 and 79 
are provided. The integrators 77 and 79 are conven 
tional analog integrators which integrate the shaped red 
pulses 76 and shaped infrared pulses 78, respectively. 
For example, the integrator 77 integrates a succession of 
the shaped red pulses 76 to provide an output which 
gradually approaches a desired output in stepwise fash 
ion as shown by way of example in FIG. 5. FIG. 5 
shows by way of example a voltage that is initially too 
low, thereby generating an illumination level at the 
source 27 which is too dim, and this may occur, for 
example, at startup. The desired illumination level is 
represented by a reference voltage level 81. In this 
example, each of the shaped red pulses 76 is of progres 
sively increasing amplitude thereby resulting in astep 
up in level of the output of the integrator 77 from a 
zero-volt baseline through a series of intermediate levels 
83 until the reference voltage level 81 is reached. With 
each successive pulse 76 of increased amplitude, a new 
and higher intermediate level 83 is provided by the 
integrator as shown in FIG. 5. Typically, the incremen 
tal increases in intermediate voltage levels 83 are of 
progressively reducing magnitude as the reference volt 
age level is approached. The integrator 79 functions in 
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8 
the same manner with respect of the shaped infrared 
pulses 78. 
The output of each of the integrators 77 and 79 con 

stitutes a feedback signal which can be used to control 
the intensity of the light sources 27 and 29, respectively. 
The outputs of the integrators 77 and 79 are processed 
by the signal processor 39 which, in this embodiment, 
includes a multiplexer 82 for multiplexing the feedback 
signals resulting from the light sources 27 and 29, an A 
to D converter 84 for digitizing the multiplexed signals 
and a microprocessor 86 for performing the calculations 
discussed above to ascertain values for hematocrit and 
percent oxygen saturation. The microprocessor 86 also 
corrects the measured oxygen saturation for hematocrit 
to provide true oxygen saturation levels which, to 
gether with the hematocrit, are displayed by the display 
41. 
The outputs of the integrators 77 and 79 are applied 

to selector switches 85 and 87, which may be identical 
to the switches 73 and 75, respectively, and which are 
closed by conventional logic circuits in response to the 
pulses 45 and 47, respectively, in the same manner as 
described above for the switches 73 and 75. Thus, the 
switches 85 and 87 are closed only during the duration 
of the pulses 45 and 47, respectively. 
The feedback signals from the integrators 77 and 79 

are also applied through the switches 85 and 87, respec 
tively, to one input of an operational ampli?er 89 
through a resistor 91. A junction between the resistor 91 
and the ampli?er 89 is coupled to ground through a 
resistor 93. The resistors 91 and 93' form a voltage di 
vider. The other input of the operational ampli?er 89 is 
coupled to the reference detector 37 through a conven 
tional current-to-voltage converter 95. The reference 
detector 37 provides a reference detector signal, which 
is a current signal, which is linearly related to the inten 
sity of the light emitted by the light source 27. The 
converter 95 converts this reference detector current 
signal to a reference detector voltage signal and pro 
vides the reference detector voltage signal to the other 
input of the operational ampli?er 89. Accordingly, the 
ampli?er 89 has as its inputs the feedback signal, which 
is commanding a particular light intensity, and the refer 
ence detector signal which represents actual intensity of 
the light source. Of course, the reference detector 37 
also provides the reference detector signal in response 
to the light source 29 when that light source is ener 
gized. ‘ 

The output of the operational ampli?er 89 is a drive 
signal which the ampli?er adjusts so as to attempt to 
obtain a reference detector signal which is equal to the 
feedback signal. The drive signal is applied to the ap 
propriate one of the light sources 27 and 29 by selector 
switches 85' and 87’ and drivers 97 and 99. Theswitches 
85’ and 87’ are, like the switches 85 and 87, operated by 
the pulses 45 and 47, respectively so that the switches 
85' and 87’ are closed only during the duration of the 
pulses 45 and 47, respectively. In this manner, the drive 
signal from the ampli?er 89, which is derived from the 
integrator 77 and the reference detector signal from the 
light source 27, is directed to the light source 27. Simi 
larly, the appropriate drive signal for the light source 29 
is directed to that light source. 
With each pulse from the light source 27, the integra 

tor 77 provides a feedback signal (FIG. 5) which is 
closer to the reference level 81. When the reference 
level is reached, the system is balanced and in 
equilibium such that the feedback signal can be used for 
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determination of the blood parameter of interest, such 
as hematocrit and the percent oxygen saturation. Simi 
larly, the reference detector 37 and the resulting refer 
ence detector signal simultaneously correct for the vari 
ables caused by the light sources 27 and 29 such that the 
actual and commanded light intensities are substantially 
equal. 
Although an exemplary embodiment of the invention 

has been shown and described, many changes, modi?ca 
tions and substitutions may be made by one having 
ordinary skill in the art without necessarily departing 
from the spirit and scope of this invention. 
We claim: 
1. An apparatus for measuring a blood parameter 

comprising: 
at least ?rst and second light sources for emitting 

light having ?rst and second light intensities, re 
spectively, toward a blood~receiving location, the 
light emitted by said ?rst and second light sources 
having ?rst and second wavelength characteristics, 
respectively, said ?rst and second wavelength 
characteristics being different; 

a detector for receiving light from the ?rst and sec 
ond light sources after interaction with blood at the 
blood-receiving location; 

means for adjusting the intensity of the light emitted 
by the ?rst light source so that intensity of the light 
at the detector from the ?rst light source is substan 
tially constant over a range of values of the blood 
parameter and for adjusting the intensity of the 
light emitted by the second light source so that 
intensity of light at the detector from the second 
light source is substantially constant over a range 
of values of the blood parameter; and 

means for providing a signal which is related to the 
intensity of at least one of the ?rst and second light 
sources and which provides an indication of the 
blood parameter. 

2. An apparatus as de?ned in claim 1 wherein said 
signal is a function of the ?rst light intensity and the 
blood parameter is hematocrit. 

3. An apparatus as de?ned in claim 1 wherein said 
signal is a function of the ?rst light intensity and not of 
the second light intensity and the blood parameter is 
hematocrit. 

4. An apparatus as de?ned in claim 1 wherein the 
signal providing means provides a signal which is a 
function of the ratio of the ?rst and second light intensi 
ties and the blood parameter is oxygen saturation. 

5. An apparatus as de?ned in claim 1 wherein the 
detector provides a detector signal related to the inten 
sity of the light received at the detector and the inten 
sity adjusting means includes a feedback loop respon 
sive to said detector signal for providing a feedback 
signal to adjust the intensities of the ?rst and second 
light sources. 

6. An apparatus as de?ned in claim 5 wherein the ?rst 
intensity of the light emitted by the ?rst light source is 
subject to varying for a given feedback signal to the ?rst 
light source so that the ?rst intensity does not accu 
rately track with the feedback signal and said apparatus 
includes means for making the ?rst intensity of the light 
emitted by the ?rst light source track more accurately 
with said given feedback signal. 

7. An apparatus as de?ned in claim 5 wherein the 
intensity of the light emitted by the ?rst light source 
varies with the feedback signal in accordance with a 
predetermined relationship but is subject to deviating 
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from said predetermined relationship and the apparatus 
includes means for reducing the deviations from said 
predetermined relationship. 

8. An apparatus as de?ned in claim 1 including a 
reference detector for receiving at least some of the 
light emitted by the ?rst light source and circuit means 
responsive to intensity of the light received by the refer 
ence detector for adjusting the intensity of the light 
emitted by the ?rst light source. 

9. An apparatus as de?ned in claim 5 including a 
reference detector for receiving at least some of the 
light emitted by the ?rst light source and circuit means 
responsive to intensity of the light received by the refer 
ence detector and the feedback signal for adjusting the 
intensity of the light emitted by the ?rst light source. 

10. An apparatus as de?ned in claim 1 including a 
?ow-through housing for blood de?ning said blood 
receiving location. 

11. An apparatus for measuring a blood parameter 
comprising: 

a light source for emitting light having an intensity 
toward a blood-receiving location; 

a detector for receiving light from the light source 
after the emitted light interacts with the blood at 
the blood-receiving location; 

a feedback loop responsive to intensity of the light 
received by the detector for providing a feedback 
signal for adjusting the intensity of the light source 
so that the intensity of the light received by the 
detector from the light source is substantially con 
stant over a range of values of the blood parameter; 

said emitted light intensity varying with the feedback 
signal in accordance with a predetermined relation 
ship and being subject to deviating from said rela 
tionship; 

a reference detector for receiving at least some of the 
light emitted by the light source and providing a 
reference detector signal which is related to the 
intensity of the light it receives; 

means responsive to the feedback signal and the refer 
ence detector signal for providing a drive signal for 
energizing the light source to make the emitted 
light intensity more in accordance with said rela 
tionship; and 

means responsive to the feedback signal for providing 
an output signal which provides an indication of 
the blood parameter. 

12. An apparatus as de?ned in claim 11 wherein said 
blood parameter is hematocrit. 

13. An apparatus as de?ned in claim 11 wherein the 
reference detector signal is linearly related to the inten 
sity of the light it receives. 

14. An apparatus as de?ned in claim 11 wherein said 
relationship is a linear relationship. 

15. An apparatus as de?ned in claim 11 including a 
?ow-through housing for blood de?ning said blood 
receiving location. 

'16. An apparatus for measuring a blood parameter 
comprising: 

at least ?rst and second light sources for emitting 
light having ?rst and second light intensities, re 
spectively, toward a blood-receiving location, the 
light emitted by the ?rst and second light sources 
having ?rst and second wavelength characteristics, 
respectively, said ?rst and second wavelength 
characteristics being different; 
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a detector for receiving light from the ?rst and sec 
ond light sources after interaction with blood at the 
blood-receiving location; 

a feedback loop for adjusting the intensity of the light 
emitted by the ?rst light source so that intensity of 
the light at the detector from the first light source 
is substantially constant over a range of values of 
the blood parameter and for adjusting the intensity 
of the light emitted by the second light source so 
that intensity of light at the detector from the sec 
ond light source is substantially constant over a 
range of values of the blood parameter; and 

a signal processor for providing a signal which is 
related to the intensity of at least one of the ?rst 
and second light sources and which provides an 
indication of the blood parameter. 

17. An apparatus for measuring a blood parameter 
comprising: 

a light source for emitting light having an intensity 
toward a blood-receiving location; 

a detector for receiving light from the light source 
after the emitted light interacts with the blood at 
the blood-receiving location; 
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a feedback loop responsive to intensity of the light 

received by the detector for providing a feedback 
signal for adjusting the intensity of the light source 
so that the intensity of the light received by the 
detector from the light source is substantially con 
stant over a range of values of the blood parameter; 

said emitted light intensity varying with the feedback 
signal in accordance with a predetermined relation 
ship and being subject to deviating from said rela 
tionship; 

a reference detector for receiving at least some of the 
light emitted by the light source and providing a 
reference detector signal which is related to the 
intensity of the light it receives; 

a signal correction network responsive to the feed 
back signal and the reference detector signal for 
providing a drive signal for energizing the light 
source to make the emitted light intensity more in 
accordance with said relationship; and 

a signal processor responsive to the feedback signal 
for providing an output signal which provides an 
indication of the blood parameter. 

t i # ** i 


